Abstract Extragnathic xanthomas are seen in the bones or as soft tissue masses. They are often associated with hyperlipidemia and are considered as reactive or metabolic lesions. Only 19 cases of xanthomas of the jaws have been reported so far in the English literature. A total of ten cases of central xanthoma of the jaw bones were identified from the Oral and Maxillofacial Pathology biopsy services of the University of Washington and the Tufts University School of Dental Medicine, between the years 2000-2016. The demographic and clinical information on these cases was tabulated logically on the basis of age, gender, location and presence or absence of symptoms, extragnathic lesions and serum hyperlipidemia. Radiographic and histopathological features were also examined. The findings in these cases were correlated with those available from the previously reported cases. Majority of cases are seen in the second and third decades of life. There is no gender predilection. Jaw lesions presented as solitary radiolucencies with a predilection for the posterior mandible. Unlike maxillary lesions, pain and expansion are inconsistent findings in mandibular lesions. Jaw lesions are not associated with extragnathic bone or soft tissue involvement or a hyperlipidemia. The central xanthoma of the jaws is a unique benign tumor. Histopathologically, many other jaw lesions contain variable numbers of foamy histiocytes. Therefore, a diagnosis of a central xanthoma of the jaws must be made after excluding all other such histiocyte containing lesions. This requires correlation of histopathological findings with clinical and radiographic features.
Introduction
A xanthoma is a rare soft tissue and bone condition consisting of a predominant collection of lipid-rich foamy histiocytes. Lesions have been described in the axial and appendicular bones in patients with and without hyperlipidemia [1] . Xanthomatosis is a term used for multiple bone lesions and for xanthomas with accompanying soft tissue involvement. Xanthomas and Xanthomatosis have been classified as metabolic conditions of bone [2] .
Increasingly, the central xanthoma of the jaw bones is being recognized as an entity with features unique enough to warrant separation from conditions such as the benign fibrous histiocytoma (BFH) and non-ossifying fibroma (NOF), with which it is often confused. In all 19 cases reported so far (Table 1 ) and in the 10 cases comprising this study, there was no association with any other bony or soft tissue lesions. Also, from the available data, none of the patients had hyperlipidemia. These features appear to distinguish the central xanthoma of the jaw bones from its extragnathic counterpart.
We present 10 additional cases of central xanthoma of the jaw bones. Salient clinical, radiographic and histopathological features are described and compared to the previously reported 19 cases. Emphasis is laid on differentiating the central xanthoma of the jaw from other histiocyte containing jaw conditions based on their clinical and histopathological features. A case is made to consider the central xanthoma of the jaw bones as a benign neoplasm.
Materials and Methods
This study is a case series and the sample was derived from the population of specimens acquired between the years 2000 and 2016 in the Oral and Maxillofacial Pathology service at the University of Washington School of Dentistry. One case was identified from the Oral Pathology biopsy service of Tufts University. To identify the cases, pathology records were searched for diagnosis including terminology such as non-Langerhans cell histiocytosis, benign histiocytic lesion, atypical histiocytic proliferation, histiocytic infiltrate consistent with xanthogranulomatosis, benign fibroosseous process with xanthomatous reaction, and xanthoma of bone. Slides were examined and the histopathological features were correlated with the available clinical and radiographic information. This information was used to exclude other potential lesions that may show the presence of xanthoma cells. Cases were excluded if the histopathologic examination showed fascicles of spindle cells or foamy histiocytes in focal clusters with predominance of fibrous tissue. As a result of this search, 10 cases were finally accepted. Information on the demographic and clinical presentation was tabulated while carefully observing patient privacy. The study variables were grouped into logical sets including age, gender, location of the lesion (maxilla, mandible, anterior, right side, left side), presence or absence of symptoms (including pain, swelling, loose teeth, any other), extraoral lesions and hyperlipidemia status. Available radiographic features and the histopathological findings of each lesion were recorded. The radiographic features were grouped into logical sets including location of the lesion, number of lesions, unilocular or multilocular, status of the periphery of the lesion(s) (circumscribed, sclerotic, punched out, diffuse), presence or absence of cortical perforation and 
Results
Of the 10 cases, ( Table 2 ) six cases were seen in females and four were seen in males. The age range was from 12 to 63 years with a mean of 37.5 years. Eight cases were seen in the mandible and 2 in the maxilla, accounting for a ratio of 4:1. Nine lesions were seen in the posterior segment of the jaw bones while 1 presented in the anterior maxilla. All 8 mandibular lesions were discovered incidentally as a part of routine dental examination as patients were asymptomatic and did not exhibit any swelling. However, the 2 maxillary lesions were both painful and the anterior maxillary lesion was expansile. The teeth at that location were extracted 7 years prior to presentation of this lesion. The lesion of the left maxilla resorbed bone and was associated with mobility of the teeth. There was no information regarding pulp vitality testing. From the available clinical and radiographic findings, there was no history of locoregional trauma, dental caries, endodontic treatment or tooth related pain. There was no extraoral involvement in 9 cases. Nine cases were also not associated with any other systemic conditions including hyperlipidemia or hypercholesteremia. This information was not available in one case.
Radiographically, all cases (Table 3) presented as a solitary radiolucency with circumscribed peripheries. The smallest lesion measured approximately 1 cm in diameter ( Fig. 1) while the largest lesion was of the left posterior maxilla and extended from the mesial aspect of the 1st premolar root to the left pterygomaxillary fissure anteroposteriorly and from the rim of the alveolar ridge to a point approximately half way into the lateral wall of the left maxillary antrum (Fig. 2) . One mandibular lesion was described as multilocular while all other 9 cases were unilocular. The borders of both the maxillary lesions were non sclerotic. Of the 8 mandibular lesions, 5 showed distinct punched out borders (Figs. 1, 3a-d, 4 ) while 2 lesions showed a sclerotic border. Radiographs from one mandibular case were not available. One lesion in the mandible showed a significant punched out lingual cortical defect. The mandibular canal was displaced inferiorly and its roof was resorbed by the lesion (Fig. 3a-d) . A communication with the buccal bifurcation of the molar root was noted on the CT image in this case (Fig. 3c ). This was interpreted as being secondary to lesional expansion. As described by the clinician, the single multilocular mandibular lesion (case 2) showed scalloping between the roots of teeth 30 and 31. A copy of this X-ray was not available for confirmation. The lesion of the left maxilla caused splaying and some resorption of roots of the teeth. The floor of the maxillary sinus was also elevated (Fig. 2) . Two cases of the mandible showed root resorption (Figs. 3a, 4) and 1 of these cases also showed divergence of the roots of the teeth (Fig. 4) .
Being lesions of the alveolar bone with proximity to roots of teeth, a presumptive working diagnosis included cysts and benign tumors of odontogenic origin.
Histopathologically, the ''Xanthoma'' cells were arranged in loose (Fig. 5 ) or compact sheets (Fig. 6) . One case showed a vague nodularity separated by fibrous septa Age range: 12-63 years, Mean age = 37.5 years, Male to female ratio = 1:1.5, Mandible to Maxilla ratio = 4:1 ( Fig. 7) . None of the cases showed encapsulation and the xanthoma cells contacted the bone directly (Fig. 8) . The xanthoma cells were large, round to oval with a fairly welldefined cytoplasmic membrane. The cytoplasm varied from foamy to granular ( Fig. 9 ) to being more homogenous (Fig. 6 ). The cells with a granular or foamy cytoplasm tended to show cytoplasmic vacuolation (Figs. 5, 9). The nuclei of the cells with a foamy or granular cytoplasm were mostly small, intensely dark with condensed chromatin (Fig. 5 ). Cells with a more homogenous cytoplasm tended to look epithelioid with a larger vesiculated nucleus containing a prominent nucleolus (Fig. 6 ). One case showed a fairly uniform distribution of angulated cells with a dark amphophilic cytoplasm and containing from 1 to 3 dark blue condensed nuclei (Fig. 10) . Inflammation, including the presence of scattered neutrophils was seen in the case with the buccal bifurcation communication (Figs. 3c, 11) . A perivascular lymphocytic arrangement was noted in one case (Fig. 12) . A single sinusoidal cavity surrounded by granulation type plump fibroblasts and 1 or 2 giant cells was seen in one case (Fig. 13 ). Entrapped pieces of host bone were seen in 2 cases (Fig. 14a, b) . None of the cases displayed any pleomorphism or mitoses. The xanthoma cells, including the dark angulated cells seen in Fig. 10 The lesion appears circumscribed but the anterior margin lacks sclerosis and is not sharply defined. Clinically, the teeth were mobile but showed no caries. There was no overt radiographic evidence of caries. Some subgingival calculus was present. However, the alveolar ridge was uninterrupted and the epicenter of the lesion was in the bone of the maxilla. There was no history of trauma Head and Neck Pathol (2017) 11:192-202 195 were uniformly, strongly positive for either CD68 or CD163 thereby highlighting their macrophage/histiocytic lineage. CD68 being an anti-lysosomal antibody showed a coarse cytoplasmic reactivity (Fig. 15a) , while CD163 being a cell surface glycoprotein marker offered a more intense cell membrane expression (Fig. 15b) . All 10 cases were treated with open aggressive curettage that extended to debulk the lesion in its entirety and involve adjacent marrow and normal host bone. Follow-up on cases ranged from 12 years to less than a year. Sixty percent of our cases (N = 6) had a follow-up of at least 5 years. There was no evidence of recurrence in these cases and 4 cases were treated within the past 2 years. 
Discussion
A total of 19 cases of primary/central xanthoma of the jaw bones have been described in the English literature (Table 1) . Here, we present 10 more cases of central xanthoma of the jaws. Gleaning through the combined available demographic and clinical presentation information, some definitive findings emerge. Jaw lesions were seen across a wide age range from 11 to 72 years with a mean of 33.95 years. However, 55 % of cases (16 out of 29) were seen in the 2nd and 3rd decades of life. All of the maxillary lesions presented in the 5th and 6th decade of life. Overall, there appears to be no gender predilection. However, the lesions in the 7th and 8th decade of life were all diagnosed in females (Fig. 16) . The lesions have close to a 9:1 predilection for the mandible. Eighty-six percent of cases (25 out of 29) affected the posterior jaw. Of the 3 cases of the maxilla, 67 % (2 cases) were diagnosed in the anterior jaw. Jaw expansion was seen in 41 % of cases (12 out of 29 cases). This included both the anterior maxillary lesions. Eighty-six percent of cases (25 out of 29 cases) were asymptomatic. Both the lesions of the maxilla in the present series were associated with varying degrees of pain. Twenty-seven cases presented as solitary lesions with no other skeletal or soft tissue involvement. This information was not available in 2 cases. A normal lipid profile was recorded in 24 cases. This information was not available in 5 cases (Tables 1, 2 ).
The radiographic appearance described in the previously reported cases was highly variable. Descriptors used included terms such as unilocular, multilocular, radiolucency, honey comb mixed pattern, ground glass lesion, diffuse lesion, mixed density lesion, slightly sclerotic margins, corticated, no cortication, scalloped, poorly defined without sclerosis, irregular margins, ill-defined opacity, radiolucency with small opaque foci, etc. One case of the anterior maxilla showed labial plate perforation [10] .
Histopathologically, at least partial encapsulation was noted in 4 cases reported by Daley et al. [10] . In the cases reported by other authors, information about a capsule was either not available or the lesion was found to not have a capsule. None of the cases in our series showed a capsule. The xanthoma cells were in direct contact with the host bone (Fig. 8) . In all cases, the xanthoma cells were the dominant cell type and they were arranged in cohesive or loose sheets. Some cases showed sparse amount of fibroblastic connective tissue. One case in the present series showed a vague multinodularity with fibrous septa (Fig. 7) . None of the cases showed a fascicular or storiform arrangement of the fibrous tissue. Majority of cases lacked any significant inflammation. Two of the previously reported cases showed cholesterol granulomas with giant cells. Only 1 case in the present series (case 7) showed some inflammation. The lesion in this case was continuous with the furcation of the tooth and had also perforated the lingual cortex (Fig. 11) . One case in the present series showed a perivascular concentration of inflammatory cells (Fig. 12) . Intralesional hemorrhage was reported in 7 cases from the previous studies and in 2 cases from our series. Hemorrhage was limited and not a defining feature of the histology in these cases. The xanthoma cells infiltrated the host bone trabeculae and in 5 cases from the previous studies, metaplastic ossification was seen surrounding tiny host bone pieces. Small pieces of host bone were seen in 9 out of 10 of our cases (Fig. 14a, b) .
The central xanthoma of the jaws is characterized primarily by a proliferation of histiocytes that may be accompanied with a mild inflammatory cellular infiltrate. Based on the sampling of tissue, these findings are seen in a diverse list of conditions including periapical inflammatory lesions, benign fibrous histiocytoma, non-ossifying fibroma of bone, and fibrous dysplasia. Foamy histiocytes also populate intrabony lesions of lipid reticuloendotheliosis. Cases of Langerhans cell histiocytosis and Rosai-Dorfman disease also show a proliferation of histiocytic cells. Cases of a rare bone condition with histiocytes, Erdheim-Chester disease of the jaw bones have also been described. Therefore, a diagnosis of a central xanthoma of the jaw bones is challenging and requires elimination of the aforementioned conditions. This process of elimination requires careful assessment of the clinical, radiographic, and histopathological findings in each case individually.
Periapical inflammatory conditions such as granulomas and cysts may show a variable presence of foamy histiocytes. Periapical cysts show an epithelial lining and both cysts and granulomas may show the presence of a rich inflammatory cellular infiltrate that may also contain plasma cells, Russell bodies, pyronine bodies, neutrophils, eosinophils and mast cells. Cholesterol clefts and cholesterol granuloma formation with multinucleated foreign body giant cells may also be seen frequently as would Head and Neck Pathol (2017) 11:192-202 199 pieces of root canal filling material. Also, these lesions are associated with non-vital teeth secondary to trauma or dental caries or with failing endodontically treated teeth [13] . CD68 positive histiocytes may be seen in both the benign fibrous histiocytoma (BFH) and the non-ossifying fibroma (NOF). The BFH is the intrabony counterpart of the more common soft tissue BFH. Most cases are diagnosed from the 4th to the 8th decade of life. The ilium and the ribs are the most frequently affected bones in the body. Pain is the most frequent presenting symptom at these locations [14] . Jaw lesions may or may not be painful but show progressive expansion of the posterior mandible including the angle and ramus area [15, 16] . Histopathologically, the foam cells are usually seen in small focal clusters and the dominant microscopic appearance is of a spindle cell proliferation arranged in whorls and storiform fascicles [14] [15] [16] . Thick collagen band entrapment and multinucleated giant cells are almost always seen [14] [15] [16] . Hemorrhage and hemosiderin pigment may also be found [14] . The NOF is seen in children and teens as a painless metaphyseal fibrous cortical defect of long tubular bones of the lower limbs with unfused growth plates. The majority of the appendicular lesions are discovered incidentally when X-rays are taken for other reasons such as sports injuries [14] . However, rare jaw lesions present as expansile, asymptomatic radiolucencies with a sclerotic border [17] . The histopathological appearance is identical to that of the BFH. The predominant cells are fibroblastic spindle cells arranged in a storiform pattern with interspersed giant cells. Foamy histiocytes are seen in small clusters [14, 17] . Hemorrhage and hemosiderin pigment with aneurysmal bone cyst-like areas may also be seen [14] . Absence of a whorling or a storiform fascicular spindle cell population, multinucleated giant cells and thick collagen band entrapment and presence of sheets of xanthoma cells rather than small focal clusters of foamy histiocytes distinguishes the central xanthoma of the jaw bones from the BFH and the NOF.
In fibrous dysplasia, depending on the biopsy sampling, a sheet-like infiltrate of foamy histiocytes may be seen. This is a secondary change that may be accompanied by giant cells, hemorrhage, and myxoid areas. These changes occur in association with an expansile lesion that in the craniofacial bones tends to be radiopaque with a ground glass appearance. A biopsy of the more opaque bone tends to show the characteristic woven bone within cellular fibrous connective tissue. The woven bone shows a haphazard pattern of mineralization under polarized light microscopy [14] .
Sheets of lipid filled histiocytes are seen in the bone marrow of lipid reticuloendotheliosis such as Gaucher and Niemann-Pick disease. These rare inherited disorders are mostly encountered in the Ashkenazi Jewish population. In Gaucher disease, the histiocytes show abundant bluish cytoplasm whose texture resembles wrinkled silk. These cells replace the bone marrow resulting in anemia and thrombocytopenia. Patients show growth retardation, painful bone infarcts, hepatosplenomegaly, and bone deformities [2, 13, 14] . The ''sea blue'' histiocyte is the predominant cell type seen in Niemann-Pick disease. Patients present with hepatosplenomegaly and neurologic features. Life expectancy is limited to the first two decades, especially in the neuronopathic form of the disease [13] . Therefore, correlation of the histopathological findings with the clinical presentation easily distinguishes these conditions from the primary xanthoma of the jaw bones.
Posterior mandibular radiolucencies with a well-demarcated border are the presenting jaw lesions in Langerhans cell histiocytosis. The cell that defines this process is the Langerhans cell histiocyte with an abundant eosinophilic cytoplasm containing a kidney bean or coffee bean shaped indented nucleus. When seen 'face on', the nucleus shows a prominent linear groove across its length. Sheets of these cells are admixed with other macrophages, lymphocytes and a rich population of eosinophils. The eosinophils may be focally plentiful producing the so called eosinophilic abscesses. The Langerhans cell histiocyte demonstrates a highly specific reactivity to CD207 (langerin). Rarely, demonstration of the Birbeck-Broadbent granules by electron microscopy may be required to confirm the diagnosis [18] .
In addition to macrophage markers CD68 and CD163, the large foamy histiocytes of Rosai-Dorfman disease are also reactive to S100 protein. Their cytoplasm shows vacuoles containing unaltered leukocytes (emperipolesis or lymphophagocytosis). Phagocytosed plasma cells, red blood cells and neutrophils may also be seen within such intracytoplasmic vacuoles [18, 19] . The phagocytosed cells are conspicuous because they are S100 negative [19] .
Rare cases of Erdheim-Chester disease of the jaws have been described. Sheets of foamy histiocytes with a finely granular cytoplasm are associated with bone trabeculae in this disorder. Occasional multinucleated giant cells may be seen. The histiocytes express macrophage markers CD68 and CD163 and are negative to S100 protein and Langerhans cell markers. Rare cases may show admixed clusters of Langerhans cells. Erdheim-Chester disease is a multisystem condition affecting mostly adult males who present with bilateral lower appendicular long bone pain. Other common systemic findings include diabetes insipidus, neurologic symptoms, exophthalmos, and a retroperitoneal mass. Virtually any organ may be affected. 100 % of cases express a BRAF V600E mutation [14, 20] .
While Daley et al. [10] concluded that the central xanthoma of the jaw bones is a unique entity; they were equivocal about it being a benign tumor. We agree that the central xanthoma of the jaw bones is a unique process and the following findings are characteristic of its uniqueness.
1. Over 50 % of the central xanthomas of the jaw bones occur in the 2nd and 3rd decades of life while the highest relative incidence of extragnathic xanthomas and xanthomatosis is in the 4th to 6th decades of life [2] . 2. Central xanthomas of the jaw bones have a 9:1 predilection for the mandible over the maxilla. 3. Lesions affect males and females equally while the extragnathic xanthomas and xanthomatosis are predominantly a male disorder with a male to female ratio of 2:1 [2]. 4. Xanthomas of both primary and secondary hyperlipidemia, hypercholesterolemia and systemic lipid diseases have distinct reported mechanism and etiology. The intrabony xanthomas reported with hyperlipidosis also have a genetic mutation of the Low Density Lipoprotein Receptor [21] . The central xanthoma of the jaw bones is not associated with a systemic lipid disorder and the hypothetical lipid leakage from the vascularity into the surrounding tissue is therefore not expected in these individuals. 5. Lesions contain sheets of xanthoma cells with little fibrous tissue. 6. There is no history of trauma, infection or other preexisting intrabony pathology. In addition, the following findings might suggest that the central xanthoma of the jaw bones is an aggressive or neoplastic process that is distinct from the extragnathic lesions including those associated with xanthomatosis. 7. The growth is progressive and when large enough to be associated with teeth, causes splaying and resorption of roots. The inferior dental canal is also displaced (case 7). 8. It causes significant bone destruction, cortical perforation (case 7) and extension into surrounding structures (case 9).
Daley et al. [10] cite findings from their cases such as presence of inflammatory cells, hemorrhage or hemosiderin pigment formation, metaplastic ossification and ''occasional cholesterol granulomas'' to favor a reactive process. In the results of histopathological evaluation of their cases, they say that the hemorrhage is ''recent and possibly surgical''. Also in the legend to 
Conclusions
The central xanthoma of the jaws presents more frequently in the 2nd and 3rd decades of life with a distinct predilection for the posterior mandible. It affects males and females equally. It has a distinct predilection for the bone of the posterior mandible. Jaw expansion is seen in less than half the number of cases and pain is infrequent. Maxillary lesions show a tendency towards a painful expansion of the anterior jaw. In our series, majority of the mandibular lesions presented as unilocular radiolucencies without cortication thereby giving a punched out appearance. The central xanthoma of the jaw bones is not associated with a systemic lipid disorder. Histopathologically, the central xanthoma of the jaws shows sheets of CD68 and CD163 positive and S100, CD1a and CD207 negative histiocytes with little inflammation. Fibrous tissue is minimal and there is no whorling or fascicular fibroblastic cellularity. Giant cells, cholesterol granulomas, hemorrhage and hemosiderin pigment formation are all infrequent findings. Intralesional bone trabeculae and metaplastic ossification around tiny spicules of host bone may be seen. Bizarre cells and mitosis are not seen. In the jaw bones, the diagnosis requires exclusion of several other histiocyte containing lesions. Once the biopsy has confirmed an intraosseous xanthoma, curettage and complete excision can be performed. In large lesions, due to the potential for fractures, intermaxillary fixation or weight sharing plates can be applied. Immediate bone grafting can be undertaken with a complete surgical excision. Although recurrences have not been reported, due to the complex anatomy of the upper jaw and its surrounding structures, it would be prudent to follow-up on treated cases of the maxilla.
